The effects of the moments of the retrial time to the system performance measures such as blocking probability, mean and standard deviation of the number of customers in service facility and orbit are numerically investigated. The results reveal some performance measures related with the number of customers in orbit can be severely affected by the fourth or higher moments of retrial time.
Introduction
Consider a situation arising in call center with multiple agents that answer the customer calls. If an agent is available upon arrival, the call is served immediately. If all agents are busy with other calls, some customers put on hold and wait in queue until an agent becomes available, while others will hang-up and retry to access the call center after random amount of time. This situation can be modeled as a retrial queue.
In this paper, we consider the  retrial queue which consists of an orbit with infinite capacity and a service facility that has  exponential servers with service rate  and no waiting space as shown schematically in <Figure 1>. Customers arrive according to a Poisson process with rate . When an arriving customer finds that all servers are busy, the customer joins a virtual pool of blocked customers called orbit and repeats its request after a random amount of time, called retrial time until the customer gets into the service facility. Retrial queues have been used to model problems in many application area including telephone, computer and communication systems. For detailed application area and the results about retrial queues, see the monographs see Artalejo and Gómez-Corral (2008) , Falin and Templeton (1997) and references therein. In almost all the literature for retrial queues, the retrial times are assumed to be exponentially distributed and the literature about the retrial queues with non-exponential retrial time is very limited (Diamond and Alfa, 1999; He and Zhao, 2000; Liang and Kulkarni, 1993; Yang et al., 1994) . The main difficulty for analyzing the system with non-exponential retrial times is due to the fact that the model must keep track of the elapsed retrial time for each of possibly a very large number of customers. An approximation method for M/G/1 retrial queue with general retrial time is proposed by Yang et al. (1994) It seems to be important to investigate the effects of moments of retrial time when one approximate the retrial queue with general retrial time by the phase type distribution of retrial time matching the moments of original distribution. It is known that the mean and the variance of the number of customers in the  retrial queue with exponential retrial time depend on the first two moments and three moments of the service time, respectively (Falin and Templeton, 1997) . It can be seen from Little's law that the mean number of busy servers is    which is independent of the distribution of retrial time. However, the literature about the effects of the retrial time to the system performance is few. The objective of this paper is to investigate how the retrial time affects the system performance such as the blocking probability, standard deviation of the busy servers, mean and standard deviation of the number of customers in orbit. Numerical experiments are performed in Section 2 and conclusions are given in Section 3.
Numerical Experiments
We consider  retrial queues with arrival rate   . Let  and  be the number of customers in service facility and orbit, respectively in stationary state and        the blocking probability,   the standard deviation of  and    and    the mean and standard deviation of  .
In this section, we investigate the effects of the moments of retrial time to the system performance measures such as   ,   ,    and   . For this, we briefly review two moment matching methods to be used later. There are some moment matching methods for fitting the general distribution of nonnegative random variable by the mixture of exponential or Erlang distributions e.g. see Bobbio et al. (2005) , Johnson and Taaffe (1989), Tijms (1994) and Whitt (1982) and references therein.
In order to investigate the effects of the moments of retrial time, we consider two kinds of retrial time distributions which are presented for matching the moments of nonnegative random variables such as hyperexponential distribution of order 2 and Coxian distribution with Erlang node in Bobbio et al. (2005) and Whitt (1982) .
The hyperexponential distribution of order 2, denoted by           or simply   , has the probability density function of the form
The parameters ,   and   can be determined by the first two moments   and    of  as follows
The   distribution can also be used for fitting the three moments of nonnegative random variables satisfying      and
In this case, the distribution           with the preassigned moments         is uniquely determined by the parameters (Whitt, 1982 or Tijms, 1994 
where In the following, the numerical results for   distribution of retrial time are obtained by using the algorithm in Shin (2011) and others are for the simulation results that are performed with ARENA TM (Kelton and Sadowski, 1998) . Simulation run time is set to 80,000 unit times including 20,000 unit times of warm-up period. Ten replications are conducted for each case and the average value and the half length (c.i.) of 95% confidence interval are obtained. 
Conclusions
The effects of the distribution of retrial time to some performance measures are numerically investigated. Performance measures related with  can be strongly affected by the fourth or more higher moments of retrial time, especially for the case of   , while the distribution of  is less sensitive to the fourth or higher moments of the retrial time than  . When one approximates  retrial queue with general retrial time using the phase type distribution, it should be careful to choose the approximate distribution. It seems to be not sufficient to consider only the first three moments of retrial time, especially for approximation of  . However, there are few results for the method of matching the first four moments of nonnegative random variable by the mixture of exponential or more generally Erlang distributions which seems to be necessary for more accurate approximation.
